An association with alcohol consumption has been established elsewhere in the world but the mere quantity of alcohol consumed is insufficient to explain global
oesophagus is practically unknown. In the areas where it is common, the frequency is not uniformly high but shows sharp gradients within short distances. Most of the present high frequencies seem to have developed from a negligible incidence 30 or forty years ago. In all areas the disease is more common in men than women but the sex ratio varies from less than 2 : 1 to 12 : 1. Alcohol has been shown to be implicated in the development of cancer of the oesophagus elsewhere in the world. Home-made beer and spirit are common in many parts of Africa but there is no geographical association between frequency of consumption and the occurrence of oesophageal cancer. Evidence exists which suggests that both the geographical and temporal distributions in Africa could reflect the use of maize as a major ingredient of alcoholic drinks.
THERE are three marked peculiarities in the occurrence of cancer of the oesophagus in Africa. The first is the geographical distribution; the second the changing pattern of frequency with time, and the third, the vagaries of the sex ratio. The incidence in parts of East and South Africa is among the highest recorded anywhere in the world while in West Africa it is virtually unknown; within East, central and southern Africa there are very steep gradients of frequency such that in one area it is the most commonly diagnosed tumour in men while less than 100 miles away it is rarely seen. Most of the present high frequencies seem to have developed from a negligible incidence 30 or 40 years ago. In all areas cancer of the oesophagus is more common in men than in women but the sex ratio varies from I -5 : 1. in the Transkei to 12 : I in west Kenya and there is no association between the sex ratio and the general level of incidence. The geographical distribution suggests strongly that some environmental factor is involved in the development of cancer of the oesophagus. The variation in the sex ratio could indicate that the relevant factor lies in the cultural rather than the physical or biological environments.
An association with alcohol consumption has been established elsewhere in the world but the mere quantity of alcohol consumed is insufficient to explain global (Table 1; 47, 37, 45, 46, 43, 33, 30, 16, 23, 24 (Cook and Burkitt, 1971 (Ahmed and Cook, 1969 (Cook and Burkitt, 1970, unpublished report (Nabri, 1966-69, personal communication) whereas in East and southern Africa it is the middle and lower thirds of the oesophagus which are most commonly affected (Ahmed, 1966; Burkitt and Cook, unpublished data; Higginson and Oettle', 1960; Schonland and Bradshaw, 1968 (Burkitt, Hutt and Slavin, 1968; Cook and Burkitt, 1970, unpublished report Oettle' followed the original study of frequency with a postal questionnaire to all general hospitals in southern Africa to see whether other similar gradients could be established (Oettle', 1963) . He asked for the number of oesophageal tumours to be expressed relative to the number of hospital beds and found a ratio which varied from 25-8 per 100 beds in the Transkei and 25-4 in Tembuland (immediately to the north of the Transkei) to only 0-2 in Swaziland. Since no information is available about the total number of malignancies diagnosed at each hospital it is not possible to make direct comparison between Oettle"s figures and any quoted so far in the present paper. It is also difficult to know just how much reliance can be placed on the regional comparisons made within the paper. Oettle' himself drew attention to some of the deficiencies of the figures-the fact that no attempt was made to eliminate duplicates occuring in the records from the readmission of a patient to the same hospital or from multiple attendances at several hospitals, and the fact that in some towns the majority of cases had been referred from other parts of South Africa. (In Cape Town for example about 34 cases were seen each year, but the majority of those patients had been referred from the Transkei c. 700 miles away.) However, a more serious source of bias and one which is not mentioned, is that the denominator (the number of hospital beds) itself shows considerable variation relative to the population at risk. In the Transkei there were only 0-35 hospital beds per 100 population whereas in Johannesburg there were 4-5 and in Cape Town 9-3. The number of hospital beds is specified in the paper only for those hospitals which participated in the survey. In Johannesburg, the Transkei and Cape Town all hospitals participated. In Durban only 2 out of the 4 hospitals co-operated and these 2 alone gave a ratio of (say 25%) and the other geographically variable tumours (cancer of the lung, penis and bladder) are omitted from the series, the proportion of oesophageal tumours is only increased to 5% which is still far below the high frequencies of the Transkei and Johannesburg. Burrell (1962 Burrell ( , 1969 and Rose (1967) reported a heavy concentration of cases in some areas within the Transkei and wide tracts of territory which had a very much lower incidence. However, no figures have as yet been presented from which it would be possible to assess the evidence for this local variation. Further investigation of the situation in the Transkei (Marais and Drewes, 1962) (Burrell, 1962 (Burrell, 1957) (Rose, 1967 (Coetzee, 1966 (Skinner, 1967 (Oettle', 1964 (Davies, 1924) . The high standard of observation in many mission hospitals makes it unlikely that a common cancer throughout much of Africa could have been completely overlooked in the past.
E8tinwtion8 of incidence relative to the population at ri8k
All the figures discussed so far have been proportional frequencies because this is all that is available from most of Africa (Cook and Burkitt, 1970 , unpublished report). However, reliable incidence figures have been published for a few centres and these indicate both that the frequency in parts of East and South Africa is among the highest known anywhere in the world and that the range of frequency within Africa is almost hundredfold compared with say liver cancer for which the range is only about fivefold (Cook and Burkitt, 1971 ). All estimates of incidence given below are age standardized for the limited age group (Doll and Cook, 1967 ).
In 1953-55 the incidence in men in Johannesburg was 21-8 per 100,000 (Higginson and Oettle', 1960; Doll, 1969 (Burrell, 1957) which give an incidence in men of 100-8 per 100,000. Rose gives age specific incidence rates for the Butterworth District of the Transkei (based on 151 cases seen in the 10 years from 1955 to 1964) (Rose, 1967) which (by interpolation since the actual rates are given for aveLyroups which are not directl comparable) suggest an incidence in men of 246-2 per 100,000. This figure is only slightly lower than the highest reported incidence from any part of the world, in Gurjev in Kazakhstan (Doll, 1969 (Skinner, 1967; Schonland and Bradshaw, 1968 (Ahmed and Cook, 1969 ).
The only estimates of incidence from areas of lower frequency are from lbadan, Lourenco Marques and Kampala. At lbadan in 1962-64 the incidence in men was 2-6 per 100,000 (Edington and Maclean, 1965; Doll, 1969) and at Lourenco Marques in (Prates and Torres, 1965; Doll, 1969 ). The highest estimate of incidence from the Transkei is 95 times the incidence in lbadan.
The figure of 5-5 per 100,000 from Kampala in 1954-60 (Davies et al., 1965; Doll, 1969) Cook and Burkitt, 1971 1968-69 2-5 :I*t Souther Malawi (S of 13' S) Cook and Burkitt, 1971 1968-69 10-8 :I*t * Ratio of cases adjusted for the sex ratio of the population at risk. Burrell, 1962) , in areas of moderate frequency such as Puerto Rico (Martinez, 1969) and in areas of low frequency such as the United States or Sweden (Wynder and Bross, 1961; Wynder et al., 1957) . The mere quantity of alcohol consumed is not a sufficient factor to explain the enormous geographical variation in frequency throughout the world (Doll, 1967) , and there are, moreover, areas of moderate or high frequency such as India or Iran where alcohol seems to play no part in the development of oesophageal tumours (Wynder and Bross, 1961; Kmet and Mahboubi, 1972) .
In Africa the geographical pattern of alcohol consumption shows a similar lack of association with the distribution of cancer of the oesophagus. There are areas of very high oesophageal cancer frequency such as the Transkei where the consumption of distilled spirits is less high than in the urban areas of South Africa (Burrell, 1962) , and there are areas such as southern and north-western Uganda where the drinking of home-made spirits is common (Uganda Government, 1963) but where the frequency of cancer of the oesophagus is low or very low ( McGlashan, 1969; Rose, 1968, and McGlashan, 1969) . Attention has also been drawn to additives, such as metal polish, apparently included in some distilled liquors in South Africa to give extra flavour and strength (Burrell, 1957) . Many of these however are features of the preparation of drinks in urban areas and cannot explain the very high frequencies of cancer of the oesophagus in rural areas such as the Transkei (Oettle', 1967) . A survey of the methods of preparation of alcoholic drinks in a range of areas of differing frequency in Kenya and Uganda showed marked regional variation in the use of containers made of clay or metal and in the use of copper piping, but the distribution patterns showed no association with the distribution of cancer of the oesophagus (Cook et al., 1971) . There was also no evidence for the use of exhaust pipes as part of the distilling apparatus or for the inclusion of exotic additives in the drinks consumed.
McGlashan found levels of zinc in distilled spirit from Zambia which were far above the recommended limit of safety for drinking water (McGlashan, 1969) , but evidence from animal experiments suggests that a deficiency rather than an excess of zinc causes damage to oesophageal tissue which might predispose to malignant change (Morrison and Sarret, 1958; Follis et al., 1941) .
A more promising lead was the report from a high frequency area of Zambia that nitrosamine compounds seemed to occur in spirits distilled locally from sugar and maize husks (McGlashan et'al., 1968) . Many nitrosamines have been shown to be highly carcinogenic, and several are specific to the oesophagus causing tumours at this site by whichever route they are administered (Magee and Barnes, 1967 (Cook et al., 1971 ).
An asso'ciation has been reported from the Transkei between the place of residence of oesophageal cancer patients and the occurrence of plants affected with a disease caused by molybdenum deficiency (Burrell et al., 1966) . This particular deficiency leads to an accumulation of nitrates in plants and these could combine with naturally occurring secondary amines to produce nitrosamines in foodstuffs. Plants and prepared foods from the Transkei are currently being analysed for their nitrosamine content (Rose, 1967) . However, it is difficult to see how carcinogenic agents in a commonly consumed food could account for the differences in the frequency of cancer of the oesophagus in men and women in other parts of Africa.
Several studies from different parts of the world have reported an association with low social class or with poor nutritional status, either in the oesophageal patients themselves or on a geographical basis (Wynder and Bross, 1961; Martinez, 1969; Kmet and Mahboubi, 1972) . The association between sideropenia, the Plummer-Vincent syndrome and cancer of the cervical oesophagus in women is well established (Wynder et al., 1957) but the role of specific deficiencies in the development of tumours in the thoracic oesophagus is imperfectly understood and needs further investigation. Malnutrition is widespread in Africa and occurs in areas where cancer of the oesophagus is very rare as well as in areas of high frequency, but it could be that deficiency of some kind is a necessary background factor for the development of cancer of the oesophagus.
One suggested explanation for the rise in frequency in the Transkei is that during the famine period of the 1931-33 drought there was a greatly increased consumption of the brown and red-brown sorghums grown in southern Africa which have a high tannin content and which could be carcinogenic (Morton, 1970) . However, as will be shown in greater detail below, sorghum is almost everywhere giving way to maize as a major food-crop in Africa, and it seems unlikely that a short-term change in dietary habits could be responsible for so widespread an increase as has occurred in the frequency of cancer ofthe oesophagus. A study of the age distribution of epithelial tumours such as cancer of the oesophagus suggest that they are probably caused by regular and prolonged exposure to some carcinogenic agent over a period of many years .
Several studies have shown a slightly increased incidence of tobacco-smoking in oesophageal cancer patients (Clemmesen, 1965; Wynder and Bross, 1961; Schwartz et al., 1957 ; U.S. Department of Health, 1964) but, as with alcohol, the global pattern of consumption shows no association with the distribution of cancer of the oesophagus throughout the world. Smoking habits in different parts of Africa have not been studied in detail but there are scattered pieces of information which indicate a similar lack of association. Long-stemmed pipes were commonly smoked by both men and women in the Transkei (where oesophageal cancer is common in both sexes) (Burrell, 1957) and in western Kenya (where oesophageal cancer is common only in men). Cigarettes are now everywhere replacing traditional methods of smoking or are spreading where it was not formerly the custom to smoke. Lung cancer is following in their wake and has already become common in some of the bigger towns although it is still rare in most rural areas (Skinner, 1967; Schonland and Bradshaw, 1968; Robertson, 1969; Cook and Burkitt, 1971 (after Murdoch, 1960) .
The distribution of cancer of the oesophagus in Africa is in no way similar to the distribution of cancer of the lung.
Other aetiological factors commonly invoked are those which cause mechanical trauma; excessively hot food and liquids swallowed down an oesophagus partially anaesthetized by home-distilled spirit (Burrell, 1957) ; silica particles from the grinding stone used to prepare flour (Rose, 1968) ; fish bones stuck in the oesophagus (D'Cunha, 1969, personal communication) , and excessive intake of heavily spiced food (Martinez, 1969) . However, whereas many of these look promising locally, none of them can account for the geographical distribution of cancer of the oesophagus throughout Africa nor more particularly for the distinctive features of the sex ratio and the changing frequency in time. Pos-sible, role of alcoholic drinks made from maize
McGlashan in Zambia and Malawi showed a geographical association between the occurrence of cancer of the oesophagus and the drinking of spirit made from maize husks and sugar. He also found a negative association with the drinking of beer made from millet (McGlashan, 1969) . In the survey of the preparation and consumption of alcoholic drinks in Kenya and Uganda, the areas of high frequency of cancer of the oesophagus in west Kenya were found to be areas where maize beer is consumed, while the areas of low or very low frequency in Uganda were areas of millet, sorghum, banana or honey beer (Cook et al., 1971) . Furthermore the use of maize for beer-making was found to be a recent custom, maize having replaced the traditional sorghum and millet beers of west Kenya.
Following these two leads material has been accumulated about the distribution of maize in Africa and in particular about the use of maize in the preparation of alcoholic drinks. Fig. 2 shows the areas in which maize was the traditional staple crop (Murdoch, 1960) . Though small in scale the map is based on an exhaustive study of the anthropological and historical literature about hundreds of different African tribes (Murdock, 1959 (NAagner, 1956; Ominde, 1968) . In Kenya as a whole maize is now planted on half the cultivated land (O'Connor, 1966 1960/61 (1962) ). By contrast, in Uganda it is planted on less than 5% of the cultivated land (O'Connor, 1966; Uganda Atlas, 1962) (Fig. 3) . This is not a variation which reflects differences in soil and climate because parts of Uganda are just as suitable for the growth of maize. However, since the 1930s the Ugandan government has discouraged the crop (McMaster, 1962 (McMaster, 1962) . In the other areas of Uganda, sorghum, millet and cassava are still the staple food crops (Fig. 3) .
The government of Kenya, perhaps improvidently, actively encouraged the spread of maize with a maize marketing board which offered controlled prices at a higher level than could be obtained elsewhere (O'Connor, 1966) . Maize has become exceedingly popular as a food, even to the point where there is a social stigma against the consumption of millet (Murdock, 1959) , and as a result the cultivation of maize has been pushed into areas which are not ideally suited to its growth. In these drier areas of poorer soils, soil erosion has become a serious problem (Ominde, 1968) .
The difference in government attitude to the growing of maize in Uganda and Kenya has been stressed at some length because a difference in administrative approach of this kind could be responsible for the peculiar change in the frequency of cancer of the oesophagus which seems to occur at the national frontier despite the fact that the boundary is in no sense a natural ethnic or geographical divide.
In Tanzania there has been no official policy towards the growing of maize, neither encouragement or discouragement, and the crop is gradually spreading in most parts of the country (O'Connor, 1966 (O'Connor, 1966) .
In the border area of southern Nyanza in Kenya where the evidence for the frequency of cancer of the oesophagus is inconclusive but where there may be a gradual decline in frequency towards the Mara district of Tanzania maize has spread less extensively and more recently than in the very high frequency area of Central Nyanza (Ominde, 1968) .
In the low frequency areas of Mtwara and southern Mbeya in Tanzania (Table 1; (O'Connor, 1966) .
The other moderate frequency area of Tanzania, the West Lake Province (Table 1; (Murdock, 1960) and cassava and sweet potatoes (Inforcongo, 1960) .
In South Africa maize began to spread widely as a foodcrop toward the beginning of the nineteenth century (Cole, 1961 (Morgan, 1967 (Rose, 1967) . Maize is mentioned as an ingredient of beer in both Johannesburg and the Northern Transvaal in the 1950s (Higginson and Oettle', 1960; Sutherland, 1968) . However, much more information is needed from southern Africa about the extent to which maize has replaced sorghum as the main ingredient of beer and about the date at which the change occurred. This could be especially revealing from the Transkei where sharp gradients of frequency from very common to very rare are said to occur within short distances.
Of particular interest also are the areas of southern Mozambique, Swaziland and Bechuanaland. In southern Mozambique cancer of the oesophagus is relatively uncommon but maize is shown as the staple fooderop by Murdoch (Fig. 2) . However the agriculture is diverse and many other crops are grown which could also be used for beer-coconut palms, sugar, bananas, pineapples and even cashew nuts, which are specifically mentioned by one author as a source of distilled liquor peculiar to the Mozambique coast (Grove, 1967) . Prates and Torres (1965) only mention in general terms " fermented cereals and fruits " without specifying particular ingredients.
In Bechuanaland and Swaziland where cancer of the oesophagus is still rare or has increased more recently than in other parts of southern Africa, sorghum is said to have remained longest as a staple foodcrop before being replaced by maize (Shapera and Goodwin, 1937; Year Book of the Union of South Africa, 1954-55 (Cook et al., 1971; Inforcongo, 1960; Wagner, 1956) .
The high frequency area of central Kenya was not covered in the recent survey of the production of alcoholic drinks in East Africa. Honey and sugar beers are the traditional drinks of the area (Msafiri, 1970, personal communication) . Maize beer is now produced (Kanure, 1970, (Forde, 1934) . Beer was brewed from honey. In the recent survey of alcoholic drinks honey and maize beers seemed to be consumed in roughly equal quantity (Cook et al., 1971) .
In the area around Kampala where it seems that the frequency of cancer of the oesophagus is just beginning to increase (Table 1 ; 4, 5 and 6) maize is starting to spread despite the pressures against its introduction (McMaster, 1962) and some maize beer was found in the recent survey although the main drink is still banana beer (Cook et al., 1971) .
In West Africa there is no evidence from recent geographical literature that maize is seriously challenging the traditional staple food crops (Harrison Church et al., 1967; Grove, 1967) . The universal drink in the wetter areas from as far back as the eighteenth century is a wine tapped from various species of palm (the oil palm, Elaeis guineensis; the ngwo palm; Raphia vinifera; and Raphia hookeriana) (Bosman, 1705; Nigeria Handbook, 1926; Basden, 1938; Enaharo, 1965; Afolabi Ojo, 1966; Dickson, 1969 (Cook et al., 197 1) but in order to fit the hypothesis it would be necessary for women in the Transkei to take almost as much fermented maize as men, and for women in Johannesburg to have increased their beer consumption over the past 30 years (or to ha-ve continued drinking the traditional sorghum beer longer than the men).
Attention has been confined to beer, rather than spirit made from maize, because the consumption of beer is far more widespread than the consumption of spirit especially in some, rural areas where cancer of the oesophagus is common. Beer has generally been rather overlooked in the literature on oesophageal cancer (unless it has been fortified with some exotic ingredients) presumably because beer drinking in Africa is so widespread and apparently lacking in regional variation. This is not true if the ingredients are considered rather than the quantity consumed.
There is as yet no evidence that the consumption of beer made from maize could be of importance in other areas of the world where cancer of the oesophagus is common. In Central Soviet Asia and Iran wheat and barley are the staple grains and maize is not an important crop. In the Honan province of China wheat and millet are grown.
In the United States where the frequency of cancer of the oesophagus is low in whites and moderate in Negroes (Doll, 1967) almost 50% of the grain used in brewing and 70% of the grain used for the manufacture of distilled spirit is corn (maize) (Inglett, 1970) . However, most of the alcohol consumed in the United States is commercially produced and although there is some illegal distillation of corn spirit there is no evidence for the widespread home production of maize beer as is common in Africa.
Evidence from other parts of the world suggests that factors may be locally important in the development of cancer of the oesophagus which have no bearing in other regions of high frequency. In France the local alcoholic drinks from Normandy and Brittany seem to be associated with a higher frequency than the alcoholic clrinks of the rest of France (Tuyns, 1970) . In northern Iran there is a very high incidence in which alcoholic drinks apparently play no part at all (Kmet and Mahboubi, 1972) .
There is thus much circumstantial evidence from Africa that the consumption of beer from maize could be a factor in the development of cancer of the oesophagus there. It should be possible to further substantiate or to refute the hypothesis with more detailed epidemiological evidence of the same type as already collected more information is needed in particular from the south of the continent-and this would seem the obvious first step accompanied by chemical analysis of beer samples for carcinogens or animal experiments to produce tumours.
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In the rural northern Transvaal, where the frequency of cancer of the oesophagus was low until more recently than in the Transkei, sorghum seems to have remained longer as a principal ingredient of beer (Quin, 1959; Stayt, 1931 (Novellie, 1966) ). The commercial beer resembles very closely the home-made product and is quite different from European beer. It is a thick, pinkish, cloudy liquid containing a high proportion of grain particles. It is still actively fermenting when sold so that it has to be packaged in a container with a valve, and as a result it has a shelf-life of only a few days (DeWit, 1971, personal communication; Diaber, 1971, personal communication) .
The accompanying table (Novellie, 1968) shows that since the early 1950s the predominant grain used for Bantu Beer has been changed from sorghum to maize, a move taken largely to improve the keeping qualities of the product. In the last few years a similar commercial beer, Chibuku ", also based on maize, has been introduced into Tanzania and Uganda. The fermented maize porridge, " amahewa ", widely eaten in southern Africa, is made by the addition of wheat flour, but this causes a lactic acid fermentation and not an alcoholic fermentation (De Wit, 1971, personal communication) .
In Swaziland maize is said to have been used for beer at least since the 1930s (Keen, 1971, personal communication; Beemer, 1939) and its use there may have been too early to be associated with the rise in frequency of cancer of the oesophagus.
In Mozambique, where the frequency of cancer of the oesophagus is still low (Torres and Bernarda, 1970) , some maize beer has been made since early in the century (Junod, 1927) (Webster, 1971, personal communication) . Dr. Torres felt that it was one of the drinks more commonly consumed (Torres, 1971, personal communication) .
In the moderate frequency area of the West Lake Province of Tanzania there is some indication that home-made maize beer is still unknown (Haarer, 1958; Rald, 1969; Majaliwa, 1971, personal communication) .
